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Abstract	
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Discussion	and	Conclusions	Study	Area	
Davenport, IA, is a typical Midwestern city with a population of ~102,600 residents and is 
characterized by aging infrastructure and housing stock. Consequently, alarmingly high rates of child 
lead poisoning—as a result of deteriorating lead paint—constitute a major public health concern in 
some urban neighborhoods. Augustana College’s Upper Mississippi Center is an organization that 
helps urban and rural communities solve sustainability challenges by mobilizing the college’s 
resources. In conjunction with their Sustainable Working Landscapes Initiative (SWLI), a research 
team conducted free home lead screenings in vulnerable Davenport neighborhoods to better 
understand the severity of the problem. Via appointment, 27 homes were tested for lead in their paint, 
dust, soil, and water. Many of the highest-risk homes were found in low-income neighborhoods. The 
purpose of this study was to assess the extent of soil lead contamination and lead bioavailability in 
this urban setting. A total of 56 composite soil samples were collected: 26 Drip Zone (DZ), 18 Center 
of Yard (CY), and 12 Play Area (PA). These designations correspond to, respectively: soil within 1 m 
of the home’s foundation, soil elsewhere in the yard, and soil elsewhere in the yard but deemed a 
high-traffic area for children. Samples were taken from a depth of 1.5 cm, oven-dried, milled, and 
pressed into pellets for XRF analyses. The maximum concentrations of lead measured were 5190 
ppm (DZ), 1335 ppm (CY), and 1091 ppm (PA). Minimum values measured were 24 ppm (DZ), 36 
ppm (CY), and 176 ppm (PA). Average values included 1509 ppm (DZ), 373 ppm (CY), and 343 ppm 
(PA). A significant relationship between soil lead content and age of the home was found (R2 = 0.57). 
Soil lead mobility and retention—and hence bioavailability—is determined by soil characteristics. 
Total P, Pb, and pH of the soil were measured and used to construct leaching experiments for 8 select 
composite samples, using the USGS Field Leach Test (FLT). Of these samples, an average of 4.1% 
Pb was leached from the soil into water. The U.S. EPA has set two standards for lead in soil: 400 ppm 
for bare soil in children’s play areas and 1200 ppm for bare soil elsewhere in the yard. The ubiquitous 
contamination of this well-documented neurotoxin threatens the livelihood of Davenport residents 
and especially poses irreversible health issues for children under the age of 6.  
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Results		
1) Measure the concentration of lead from priority areas of Davenport neighborhoods to confirm the 
validity of ArcGIS-generated maps and their potential to predict lead vulnerability. 
2) Investigate a relationship between soil characteristics (soil pH, total phosphorus) and lead 
concentrations in different Davenport neighborhoods to understand lead mobility and bioavailability. 
 
3) Understand the leaching potential of select soils based on their physical characteristics. 
Methods	
Figure 2. Davenport, IA, located in Scott County, adjacent to an east-
west bend of the Mississippi River. Home lead screenings took place 
in neighborhoods surrounding the downtown area.  
Figure 4. Average concentrations of lead paired with the age of 
each Davenport residence, for each designation. Regression 
lines and R2 values are shown. 
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Figure 3. Average concentrations of lead by designation for 
each Davenport home. Error bars represent percent error of 
measured samples compared to known standards. The red line 
indicates the EPA’s MCL for play areas (400 ppm) and the 
yellow line indicates the MCL for non-play areas (1200 ppm). 
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Table 2. Summary table of average lead concentrations (in 
ppm), by designation, for all homes. Blank spaces signify 
“No data” obtained. 2 USGS soil standards were used. 
Sample	ID 2017-01 2017-02 2017-03 2017-04 2017-05 2017-06 2017-07 2017-08 2017-09
DZ 83	±	24 3792	±	1088 34	±	2 2731	±	126 5190	±	337 1366	±	89 1011	±	66 306	±	20
CY 1335	±	383 195	±	9 371	±	17 639	±	29 133	±	6 123	±	8
PA 196	±	56 1091	±	50 246	±	11 377	±	17 274	±	18
Sample	ID 2017-10 2017-11 2017-12 2017-13 2017-14 2017-15 2017-16 2017-17 2017-18
DZ 160	±	10 40	±	3 24	±	3 1024	±	119 101	±	12 60	±	7 3746	±	161 4988	±	214 1094	±	47
CY 133	±	9 36	±	2 1260	±	146 50	±	6 127	±	15 90	±	10 1136	±	49 97	±	4
PA 264	±	31 182	±	21
Sample	ID 2017-19 2017-20 2017-21 2017-22 2017-23 2017-24 2017-25 2017-26 2017-27
DZ 1402	±	60 2085	±	90 1176	±	51 1985	±	171 3014	±	259 63	±	5 1369	±	118 690	±	59 1701	±	150
CY 200	±	9 53	±	5 521	±	45 214	±	19
PA 267	±	11 251	±	22 176	±	15 504	±	43 289	±	25
Table 3. Summary table of the FLT experiment. Pb 10 and Pb 
80 are known USGS Micro Carry standards which measured, 
respectively, 0% and 7.5% errors.  
Sample	ID Pb	(ppm) P	(ppm) Pb	Leached	(ppm) Sample	ID P	(ppm) Pb	(ppm) Pb	Leached	(ppm)	
2017-05 5190 1728 25 2017-24 4580 63 0
2017-17 4988 1336 10 2017-16 3329 3746 5
2017-12 24 1146 4 2017-04 757 246 1
2017-03 34 870 5 2017-07 777 1366 5
Pb	10 - - 10 Pb	80 - - 86
Field Work 
Figure	1.	Soil	Sampling/Property	Sketch	Form	
DZ soil within 1 m of the home’s foundation
CY soil elsewhere in the yard
PA soil deemed a high-traffic area for children
Table	1.	Composite	Sample	Designations	
Equipment: 
•  Latex gloves 
•  Stainless steel spoon 
•  5” by 8” ziplock bags 
•  Sharpie marker 
•  Disposable wet wipes 
•  HANNA pH probe 
Laboratory Work 
Procedure: 
•  Placed ~50.0 grams of sample 
into a 1.0 L Nalgene bottle 
•  Added 1000 mg DI water 
•  Bottle capped and hand-shaken 
for 5 min; settled for 10 min 
•   Extracted leachate with syringe, 
deposited onto filter paper, air-
dried, and inserted into the XRF 
***The 1st and 2nd highest and 1st 
and 2nd lowest concentrations 
measured for both Pb and P (8 total 
samples) were selected for analysis. 
Procedure: 
Soil was scooped out of a 
1.5 cm deep hole 5 cm in 
diameter. 
Instruments: 
•  Model 40 GC Quincy 
Laboratory Oven 
•  Zirconium Ceramic Crucible 
•  SPEX CertiPrep 8000 
Mixer/Mill 
•  SPEX SamplePrep Paraffin 
Binder 
•  Mortar and pestle 
•  Metallic die body 
•  Carver Hydraulic Pellet 
Press 
•  Rigaku Supermini XRF 
USGS Field Leach Test (Hageman, 2007) 
Equipment: 
•  Composite 
samples 
•  Laboratory 
balance 
•  DI water 
•  1000 mL 
graduated 
cylinder 
•  8 1.0 L 
Nalgene 
bottles 
•  Syringe 
Lead Findings 
•  The concentration of lead decreased with increasing distance from the home, as expected by Schwarz et al. (2012); 
this is due to diffusion: as lead paint deteriorates off a home or porch, it will settle in the soil nearest that structure. 
•  A significant relationship was found between age of the home and lead content (Figure 4). Since lead paint contained 
increasingly smaller percentages of lead in its makeup since the mid-20th century, younger homes evidence a smaller 
lead toxicity problem. The Consumer Product Safety Commission lowered lead in paint to 0.009% in 2009, as 
opposed to up to 50% pre-1955 (AAP, 2016).  
•  Regression analysis between lead content and the other predictive parameters—median income, percentage renter 
occupied, and percentage African American—yielded insignificant results and is excluded from further discussion. 
•  Data anomaly: 2017-12 measured a DZ lead value of 24 ppm and a CY value of 1260 ppm. This particular home was 
built in 1968 and has vinyl exterior siding. It is likely that these two samples were mistakenly swapped during sample 
preparation. The high lead value of 1260 ppm may be due to the legacy of past homes with lead paint deterioration. 
Phosphorus 
•  The maximum concentration of total phosphorus in the DZ, CY, and PA designations were 4580 ppm, 2291 ppm, and 
2306 ppm, respectively. The minimum values measured were 777 ppm (DZ), 931 ppm (CY), and 757 ppm (PA). 
Average values included 1418 ppm (DZ), 1348 ppm (CY), and 1262 ppm (PA). Possible sources of phosphorus 
include stormwater or industrial runoff, inputs from wildlife, lawn fertilizers, and the natural dissolution of phosphate 
minerals in the soil. These values are generally high for residential yards. No correlation was found with soil lead. 
Soil pH 
•  pH levels of the homes generally showed slightly acidic or neutral results (5.4-7.5). Soil mineralogy, weathering and 
leaching rates, chemical inputs to the soil, and vegetation affect the soil’s acidity and hence the retention, mobility, 
and bioavailability of lead ions in the soil matrix. This factor alone cannot account for complex behavior of soil lead. 
Leaching Experiments 
•  An average of 4.1% Pb was leached from the soil samples into water but otherwise did not show notable trends. 
•  Since the EPA recommends remediation after the 400 ppm or 1200 ppm action limits, soil rehabilitation becomes very 
difficult and expensive. Phosphorus amendments are widely used to decrease not the amount of lead in the yard but 
the bioavailability of lead in the yard. Mineralization of soil lead reduces its toxicity even if ingested in the human 
intestinal tract. The efficacy of different natural and synthetic phosphates materials has been studied (Miretzky and 
Fernandez-Cirelli, 2008). The study found phosphoric acid to be a superior soil amendment, although elevated levels 
of P in the soil increase chances of eutrophication of surface waters. Mixed P treatments decrease the overall 
bioavailability of lead in contaminated soils and should be considered as a remediation strategy for Davenport homes.    
1	
2	
1	 https://www.visitquadcities.com/content/maps 2	 https://www.worldatlas.com/na/us/ia/c-scott-county-iowa.html 
Sources of Error 
•  Small sample sizes (e.g. 27 homes, 8 
samples for leaching experiments) 
•  Heterogeneous sampling scheme due to 
appointment-based screenings 
•  No even distribution of homes based on 
priority level (one priority 1 home and 
two priority 2 homes tested)  
•  Inconsistency in sampling protocol—
soil collection fell into multiple hands 
and may have resulted in slight errors 
(e.g. mislabeling). However, this study 
is confident that these analyses are 
accurate and reliable.  
•  Minor contaminations during sample 
processing (i.e. adjustments) 
•  The precision of the XRF instrument 
was exceptional and its accuracy when 
measuring known standards was 
generally acceptable.  
•  Limitations of the USGS FLT: 
Although a simple, cheap, and reliable 
protocol, interpretations are difficult to 
make because of the complex chemical 
behavior of residential soil lead. 	
Figure 6. Selected sampling site 
photos of lead paint deterioration. 
Figure 5. Lead values across study area for each designation: 
Drip Zone (A), Center of Yard (B), and Play Area (C). 
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